The aim of the work has two folders: the first is to apply numerical and approximated methods to 
Introduction
The thermoluminescent intensity, I , as a function of temperature, is obtained developing the rate-equations describing the different TL kinetic processes, i.e. the Randal-Wilkins or first order kinetics [1] , the GarlickGibson model related to the second order [2] and the general order kinetics introduced by May-Partridge [3] . The equations describing the different processes are the following: -for first order T t The quantity s , which appears in the case of Randal-Wilkins equation, is called frequency factor and it has a precise physical meaning: it should represent the number of times for second that a bound electron interacts with the lattice phonons, multiplied a transition probability factor. In the case of Garlick-Gibson second order model and May-Partridge general order, the quantities s′ and s′′ are called pre-exponential factors.
All equations contain the integral
which cannot be solved analytically. The aim of this paper has two folders. The first one is to compare the solutions of (4) obtained by the approximation method and by its numerical solution. The second aspect is to investigate the influence of the two different ways of calculation on the values of the pre-exponential factor s′′ .
Integral Approximation
A method which is usually followed for evaluating the value of the integral is by integration in parts, when the lower limit of integration is 0 instead of 0 T . So, a good approximation is provided by the asymptotic series
The value of (4) is then given by
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F T E , the right hand side of Equation (5) can be considered to represent the integral value from 0 T as well.
In the most practical cases, a good approximation of the integral is given by the second order approximation, I2, of Equation (5) 
Equation (6) has been calculated as a function of E and T . The range of the activation energy E was from 0.5 eV to 2.25 eV in steps of 0.25 eV and the temperature was ranging from 300 to 500 K. 
Numerical Solution of the Integral
The integral (4) has been also calculated, as a function of E and T , by means of the Matlab program. Special attention has been paid at the low temperature region where the exponential assumes initially very low values and then it changes very fast as the temperature increases. The lower limit of the integration interval is the smallest floating point number, i.e. realmin in Matlab, while the upper limit value changes from 300 K to 700 K.
The integration limit has been divided in two subintervals: the first for 400 K T ≤ and the second for 400 K T > in order to define the first region where the integration function assumes very low values and increases strongly with the temperature.
In the following the numerical solution of the integral (4) is indicated by ( ) Table 2 shows the data obtained.
Condition at the Maximum
Considering the equation for general order kinetics, the condition at the maximum is obtained by Equation (3) as following. The logarithm of ( )
then, the condition at the maximum is obtained quoting its derivative to zero: from which we obtain ( )
From the last equation it is possible to obtain the expression for the pre-exponential factor. Rearranging Equation (8), we obtain:
or, considering
Using the second order approximation and 0 0 T = , we get from Equation (9)
and finally ( )
Observing the previous equations, it is clear that both the heating rate, β , and the initial dose, 0 n , are multiplication factors: for this reason it is possible to compare directly the Equations (10) and (13) and to find a possible differences in the pre-exponential factor values when it is obtained by second order approximation, 2 s , i.e. Equation (13), or using the numerical solution of the integral, s , in Equation (10). In both cases only one parameter has been varied in each simulation, i.e. the kinetics order b , the heating rate β , the temperature at the maxi- Table 3 . Frequency factor as a function of the kinetic order b, for a value of the activation energy E = 0.5 eV. s has been evaluated by means of numerical integration, Equation (10), s2 by means of the second order approximation, Equation (13); s2/s is the ratio of the two values. T M and heating rate β are respectively fixed to 500 K and 10 K/s. Table 4 . Frequency factor as a function of the kinetic order b, for a value of the activation energy E = 1.0 eV. s has been evaluated by means of numerical integration, Equation (10), s2 by means of the second order approximation, Equation (13); s2/s is the ratio of the two values. T M and heating rate β are respectively fixed to 500 K and 10 K/s. Table 6 . Frequency factor as a function of the kinetic order b for a value of the activation energy E = 2.0 eV. s has been evaluated by means of numerical integration, Equation (10), s2 by means of the second order approximation, Equation (13); s2/s is the ratio of the two values. T M and heating rate β are respectively fixed to 500 K and 10 K/s. The following Figure 5 shows the frequency factor as a function of M T for a value of the activation energy, i.e. 0.5 eV E = . 
Higher Order Approximation
In this paragraph higher order approximations are presented and the results are compared with the second order approximation. By means of the asymptotic series, the expression of s becomes:
where the second order approximation is obtained for 2 n = ; the third order approximation for 3 n = , and so on.
In particular, the third order expression is the following Frequency factor s as a function of the heating rate β. The activation energy is fixed at 0.6 eV and the temperature of the maximum, T M , at 500 , the expressions for the exponential factor in higher order approximation are obtained.
The calculated values are reported in Table 7 as a function of the kinetic order; the other parameters are constant as before. Figure 8 shows the frequency factor evaluated according to the various approximations used. It seems evident that the increase of the order of approximation does not produce a real benefit in the final result; a very little difference in the results can be observed as the kinetic order increases from 1 to 2. Figures 1-4 show that the disagreement between the data, obtained using the numerical evaluation and the ones calculated with a second order approximation, becomes larger as the value of the kinetics order, b, increases; the difference is more evident for low values of the activation energy, i.e.
Conclusions

eV E =
; this difference tends to disappear as the activation energy increases: at 2.0 eV E = no difference can be observed. The behaviour of the frequency factor as a function of the peak temperature at the maximum, T M , is given in Figure 5 and Figure 6 : the numerical evaluation gives the same results of the numerical approximation in the range of used temperature: from 300 K to 700 K and an activation energy value of 0.5 eV, and from 450 K to 700 K with an activation energy equal to 1.5 eV. Figure 8 . Frequency factor as a function of the kinetic order, evaluated using different methods. 
